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INTRODUCTION 
During recent years there has been considerable interest in arti-
ficial insemination of fowls because the practice is well suited for 
certain types of experiments and it is also of value in practical 
breeding operations. Information concerning factors influencing 
fertility in both male and female fowls should, therefore, be of 
interest to botli scientific workers and poultry breeders. 
Infertile eggs from breeding pens result ii't an economic loss of 
thousands of dollars annually to poultry breeders. It is logical to 
believe that cocks and cockerels are directly responsible for a large 
amount of this infertility. Recent investigations reported by the 
Massachusetts Agricultural Experiment Station (Hays and Sanborn, 
1939) indicated that the males were responsible for infertile matings 
in most cases, because a change of males resulted in 93 per cent of 
the infertile matings becoming fertile. Impaired fertility as well 
as complete sterility in the cock is certainly a factor of considerable 
importance influencing the production of fertile eggs. Males of low 
fertility are more apt to remain in the flock unquestioned because 
their performances are less conspicuous, and it is very probable 
that the unsatisfactory results of such matings may be attributed 
to other factors. 
REVIEW OF LITERATURE 
Anatomy of the Reproductive System 
Contributions to the study of the reproductive organs of the 
domestic cock have been 1 made by Kaupp (1915), Bradley (1915), 
Gray (1937), Sisson and Grossman (1938) and Burrows and Quinn 
(1937). The histology of the testis and efferent ducts has been 
described by Gray (1937). The genitalia of male fowls are influenced 
by certain internal and external environmental factors, including 
management, light, nutrition and hormones. Investigations on the 
subject are too numerous to cite in this bulletin. Comprehensive 
reviews, however, have been made by Domm (1939) and Moore 
(1939). The avian spermatozoon has been described by a number 
of workers including Bradley (1915) and Adamstone and Card 
1Now at the Tennessee Agricultural Experiment Station . 
2Now at Utah Agricultural College. 
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(1934). This cell differs from the typical mammalian germ cell in 
that it has a slender, cylindrical head which is equipped with a 
distinct acrosome. Adamstone and Card observed globules of fat 
and fatty acid material in the nucleus, and suggested that these 
fatty globules might serve as stored food material. 
Physiology of Se.men Production 
Sexual Activity.-Studies on the sexual activity or libido of male 
domestic fowls have been reported by Heuser (1916), Martin and 
Anderson (1918), Phillips (1918) and Penquite, Craft and Thompson 
(1930). According to the above observations some Leghorn males 
copulated as many as 41 times per day while others did not 
copulate at all during a day. Certain factors or conditions have 
been observed to influence sexual activity. Heuser (1916) and Upp 
(1928) have shown that preferential mating is such a factor. Recep-
tivity of female fowls and the number of hens in the breeding pen 
are other conditions related to libido of male fowls (Phillips, 1918, 
and Martin and Anderson, 1918). Heuser; Upp; and Parker, Mc-
Kenzie, and Kempster (1940) reported that male fowls are more active 
sexually during the late afternoon than at other times of the day. 
That sexual activity is not a reliable index of a male's reproductive 
capacity has been suggested by the studies uf Craft, McElroy and 
Penquite (1926) which indicated that sexually active birds often 
produced a higher percentage of dead or weak sperms than less 
active males. 
Methods of Collecting Semen.-Investigators studying avian sem-
inal fluid have employed various means of obtaining semen. As 
early as 1914 Payne collected spermatozoa from the cloaca of the 
hen following mating. Craft, McElroy and Penquite (1926) obtained 
semen from the hen by means of a glass spoon. Hutt (1929) inter-
cepted the ejaculate with a watch glass during mating attempts. 
Ishikawa (1930) constructed an apparatus from wire and an animal 
membrane which was fitted over the cloaca of a female and held in 
place by means of elastic bands. Thus equipped, the female was 
released with the males and semen would collect in a depression 
or pocket on the lower edge of the collector following the attempted 
mating. Kuzjmina (1933) collected semen from drakes by means of 
a collector which consisted of a glass tube inserted into an aperture 
in the center of a rubber square and "fixed" in the cloaca of the 
female just prior to mating. An. electrical method of stimulating 
ejaculation of birds has been reported by Serebrovskii and Soko-
lovskoja (1934). Electric shocks were induced by placing the 
positive pole in the skin in the sacral region and the negative pole 
in a basin of water into which the beak was immersed. Usually 
four 80-volt shocks, of three to four seconds duration with one to 
two second intervals, were sufficient. An expedient technique for 
collecting semen was developed at the National Research Center by 
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Burrows and Quinn (1937). In this method the seminal fluid is , 
forced from the posterior vasa deferentia by means of a series of 
stimulations in the latero-abdominal regions and by pressure ap-
plied ·above the vent. Parker (1939) described a glass semen 
collector which makes it possible to obtain specimens of seminal 
fluili under breeding pen conditions with no previous training of 
the males. 
Characteristics of Cock Semen.-Payne (1914) estimated the num-
ber of spermatozoa per ejaculate to be around 500,000,000 in the 
cock. According to Amantea (1925) the semen ejaculated by the cock 
after two or three days sexual rest may contain in excess of 4 
billions of spermatozoa. Parker, McKenzie and Kempster (1940) 
observed that the number of spermatozoa ejaculated by New Hamp-
shire males ranged from 0 to 5.3 billions, the mean being 868 millions. 
The hydrogen-ion concentration of cock semen has been found to 
range from pH 6.5 to pH 8.05 (Parker, McKenzie and Kempster, 
1940). A number of workers including Payne (1914), Ishikawa 
(1930), Grodzinski and Marchlewski (1935), and Burrows and Quinn 
(1939) observed that fowl spermatozoa may be kept alive for periods 
ranging from several hours to 10 days. In general, these spermatozoa 
Jived longer at lower temperatures, 2° to 10° C. The excellent 
motility maintained by sperm when stored in vitro is apparently 
not associated with their fertilizing capacity, as Burrows and Quinn 
(1939) found that when spermatozoa were stored at 4.4° C. or 
lower they lost their fertilizing ability in two hours or Jess. 
Factors Influencing Semen Production.-A number of variable 
factors have been observed to influence both the · quantity and 
quality of semen. Burrows and Titus (1939) observed semen pro-
duction in cockerels over a period of several months (November to 
June). After the males reached maturity, no pronounced influence 
of season on volume of semen produced was observed. However, it 
has been found that White Leghorn cockerels produced in the fall 
of their first year a Jess concentrated semen that contained a 
smaller percentage of live spermatozoa than they did the following 
spring (Penquite, Craft and Thompson, 1930). The authors point 
out that age of the males was to be considered, since the males were 
less active and less productive during the second breeding season 
than during their first breeding season. 
Burrows and Titus (1939) observed that the volume of semen col-
lected from cockerels every two days was appreciably greater (19 
per cent) than that of semen collected daily. Based upon the 
volume collected by the massage method after a 10-day rest period, 
Munro (1938) concluded that male fowls produce maximum amounts 
of semen at intervals of 2 to 3 days. Sampson and Warren (1939) 
reported a tendency for the volume of semen and the sperm con-
centration to decrease with succeeding ejaculates when males were 
stimulated to ejaculate at hourly intervals during the day. 
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It is probable that nutrition is an important factor influencing 
semen production in the cock. After prolonged feeding of diets 
deficient in vitamin E, Adamston~ and Card (1934b) observed that 
some of the male fowls became sterile, but this was after two years 
of the experiment. Sperm smears revealed, however, that there were 
definite structural changes involving a reduction in the number of 
·bead-like lipoid bodies in the heads of the spermatozoa shortly after 
the feeding of the experimental diets was begun. Workers at the 
National Research Center (Burrows and Titus, 1938) demonstrated 
that males receiving a vitamin A-deficient ration produced slightly 
greater volumes of semen than males on an adequate diet. Workers 
at the Oklahoma Agricultural Experiment Station (Craft, et al., 
1926) found that males on the most deficient rations produced fewer 
spermatozoa than those on more desirable rations. Maslieff and 
Zakiakina (1935) reported that volume and density of the sperm 
suspension were increased when males were fed 40 grams of silage 
per bird per day in addition to a basal diet. 
It has been established that light has a stimulating effect on the 
reproductive organs of birds. The testes of juncos (Rowan, 1925), 
pheasant, quail and grouse (Clark, Leonard and Bump, 1936), the 
starling, Sturnus vulgaris, (Bissonette, 1931) , the duck (Benoit, 
1934 and 1935), and the English sparrow (Kirchbaum and Ringeon, 
1936) have been stimulated to spermatozoa formation during normal 
seasons of quiescence when the males wer.e exposed to additional 
lighting from artificial sources. 
Removal of the pituitary (hypophysectomy) in the cock caused a 
rapid atrophy of the testes (Hill and Parks, 1934). The tubules 
became devoid of spermatozoa in two weeks, and by five weeks con-
tained nothing but spermatogonia and a few Sertoli cells. Similar 
results were obtained with turkeys, bantams and pigeons. Studies 
by Crew (1925) with chickens and by Jaap (1933) with drakes indi-
cated that thyroid has a spermatogenic influence. 
Several more or less unrelated conditions affecting sperm produc-
tion have been studied. One of these conditions was the amount of 
testicular material. Hutt (1929) studied a group of males that had 
been operated upon to remove various amounts of the testicular 
tissue, . and was unable to find any relationship between the number 
of sperm ejaculated and the amount of testicular material. He also 
studied the data of Craft et al. (1926) and found no correlation 
between testis size and concentration of spermatozoa in the semen. 
Burrows and Titus (1939) observed that there was a close associ-
ation between testis size and amount of semen produced. Males 
with the largest testes produced the greatest quantity of semen. 
Burrows and Titus (1939) also observed that certain external char-
acteristics such as size, color of wattles and comb, and willingness 
to mate are not reliable indices of the volume of semen a male can 
produce. 
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Fertility 
Nature of Fertilization.-As early as 1904 Harper found evidence 
that the egg of the pigeon was fertilized just after ovulation and 
apparently before it entered the oviduct. Patterson (1910) thought 
that fertilization in the domestic fowl occurred in the anterior end 
of the oviduct immediately following the release of the egg from 
the ovary. Warren and Kilpatrick (1929) demonstrated that sperma-
tozoa were present in all regions of the oviduct of the fowl six ho\lrS 
after mating. These workers also reported that a large number 
of these sperm had no flagella after six hours, and by twenty-four 
hours following mating spermatozoa with flagella were rarely found. 
Examinations in vitro of cock semen diluted with juices from the 
magnum and infundibulum of the oviduct reveal that spermatozoa 
are immotile at temperatures corresponding to body temperatures 
of the fowl (Munro, 1938c). This suggests that in the anterior 
parts of the oviduct the spermatozoa are motionless. When the 
sperms were diluted with fluid from the uterus they were not im-
mobilized by similar temperatures. Parker (1931) observed that in 
the oviducts of birds there is a narrow band of cilia which beats 
toward the anterior end of the oviduct in contrast to the general 
ciliary motion which is directed posteriorly. He suggested that 
spermatic fluid deposited in the cloaca was transported through the 
vagina and uterus by antiperistaltic muscular action, after which 
the sperms were transported through the remainder of the oviduct 
on the pro-ovarian ciliary tract. Swimming action of the sperma-
tozoa probably aids in the migration through the uterus, since the 
spermatozoa were found to be motile in uterine fluid at body tem-
peratures of fowls (Munro, 1938c). 
The ability of cock spermatozoa to remain viable in the oviduct 
of the hen for two to three weeks has been of interest to biologists 
and poultry breeders. Dunn (1927) found that in general the 
females ceased to lay fertile eggs 18 days following . the removal 
of the male, although in one case a hen laid a fertile egg on the 
thirtieth day. Similar studies employing stud mating have been 
reported by Fronda (1926), Curtis and Lambert (1929) and Nico-
laides (1934). The longest duration of fertility found by each was 
416 hours (17 days), 21 days, and 29 days, respectively. Curtis 
and Lambert observed that the average duration of fertility follow-
ing mating was 10.7 days, while Nicolaides found it to be 14.8 days. 
The onset of fertile egg production after mating has been observed 
by a number of workers with the following results: Martin and 
Anderson (1918), 29 hours; Curtis and Lambert, 24 hours to 7 days 
with 57 hours as the average; Nicolaides, 19.5 to 238 hours; and 
Fronda, 20 to 238 hours. When females were artificially inseminated 
in the afternoon, only one egg was fertile out of 81 laid by the 
fertile hens on the first day foll9wing insemination (Munro, 1938b). 
On the second day, 88 per cent of the eggs laid proved to be fertile. 
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Age of Sperm and Hatchability.-The question concerning the 
relation of the time spermatozoa remain in the oviduct to the 
hatchability of eggs fertilized by these sperms was investigated by 
Crew (1926). He reported that eggs laid later than one week follow-
ing mating commonly failed to complete their development. Later 
studies by Dunn (1927) and Warren and Kilpatrick (1929) failed 
to substantiate Crew's observations. These workers found no sig-
nificant differences in hatchability of fertile eggs laid one,' two, or 
three weeks following mating. 
Factors Influencing Fertility.-Age is related to fertility in male 
fowls. Experiments reported by Curtis and Lambert (1929), Jull 
(1935) and Hays and Sanborn (1939) show that better fertility was 
obtained when cockerels were used in matings instead of males one 
year old or older. 
Severe cold weather has been found to have an adverse effect on 
fertility. Freezing of the combs and wattles of the breeding males 
reduces the fertility of the eggs from the breeding pen for a period 
of about eleven days according to Payne and Ingram (1927). It 
was also observed by Hays and Sanborn (1939) that as the outside 
temperature increased during hatching season to 37° F., there was 
a corresponding increase in fertility of the eggs set. The average 
mean temperature in their studies did not exceed 46° F.; therefore, 
the relation between higher summer temperature and fertility was 
not determined. 
There is some evidence that hormones influence fertility. It has 
been pointed out (Koch, 1936) that males treated with testicular 
hormone appeared to fertilize a much higher percentage of the eggs 
produced by their mates than did untreated males. Following the 
feeding of thyroid to a limited number of old birds, Crew (1925) 
observed that they promptly molted, following which the hens began 
to produce eggs at a faster rate. The hatchability of the eggs pro-
duced was also increased. 
Investigations o.n the relation of sperm morphology to fertilizing 
capacity in the domestic fowl have been reported by Sampson and 
Warren (1939). According to these workers cases of high sperm 
abnormalities were infrequent. One sterile male produced semen 
with high abnormal counts. It was observed that the association 
between the sperm concentration of semen and fertility was not 
very pronounced. Hutt (1929) examined semen from a number of 
males and reported average concentrations of 825,000 to 7,000,000 
sperms per cu. mm., but within this r ange no correlation was found 
between the sperm concentration and the males' capacities to fer-
tilize hens' eggs. 
The question of how much semen or the number of spermatozoa 
required to induce conception in the female fowl is of interest. 
Employing the artificial insemination technique, Burrows and Quinn 
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(1938) reported that 0.05 to 0.1 cc. of undiluted semen gave satis-
factory fertility. Munro (1938b) found that fertility was affected 
when the number of spermatozoa inseminated fell below 100,000,000 
and that no fertile eggs were laid when the number was below 
1,000,000. Using Ringer's solution as a diluent and a constant 
volume of 0.05 cc. for all inseminations, Bonnier and Trulsson (1939) 
observed that a mixture containing 30 per cent semen appeared to 
give better fertility than pure semen. Ten per cent semen gave 
results as good as those obtained from undiluted semen, but 2 per 
cent semen was decidedly inferior. 
Competitive Fertilization.-Dunn (1927) cited data that indicated 
that spermatozoa from nearly related individuals fertilized a higher 
percentage of hens' eggs than spermatozoa from males which were 
not related to the females. Investigations of a similar nature by 
Curtis and Lambert (1929) did not reveal evidence of selective 
fertilization. With Rhode Island Red hens Bonnier and Trulsson 
(1939) found that semen from a male of the same breed was more 
effective in fertilizing eggs than was the semen from a White Leg-
horn male. In experiments involving alternate inseminations by 
cocks of two breeds, such that chicks by each sire could be identi-
fied, Bonnier and Trulsson found that as a rule the latest insemina-
tion was responsible for fertilization, but deviations from the rule 
were not unusual. Warren and Kilpatrick (1929) found that when 
one. male replaced another in mating, the offspring of the new male 
supplanted those of the former, usually within a few days, and 
there was very little overlapping in the production of the offspring 
of the two males. It was suggested by these investigators that the 
fact that spermatozoa lost their flagella during the first day in the 
oviduct might have accounted for the advantage which the fresh 
sperms had over those which had been in the oviduct for a longer 
period of time. 
. · 
ANIMALS USED AND METHODS OF EXPERIMENTATION 
Anatomy 
Male fowls used in these studies were bred and raised on the 
Missouri Experiment Station Poultry Farm and were fed diets 
recommended by the Poultry Husbandry Department. All testis 
weights were obtained after the epididymal region had been removed. 
Lengths and widths of testes were determined with slide calipers. 
Blocks from the centers of the testes were preserved for histological 
studies. Portions of the vasa deferentia, the papillae and the rudi-
mentary copulatory organs of several males were also retained for 
subsequent examination. 
All tissues used in the histological work were fixed in Bouin's 
solution. Sections were cut at several thicknesses, varying from 
6 to 10 micra, and were stained with Delafield's hematoxylin and 
eosin, after being handled by the usual paraffin technique. Data 
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on seminiferous tubule diameters are means of the measurements 
of 10 tubules with an ocular micrometer. 
Semen smears were prepared in the following manner: 
1. One to ten drops of pure fresh semen were diluted with 30 to 
40 drops of Tyrode's solution, the apparent sperm density de-
termining the amount of dilution. 
2. Several drops of this diluted semen were placed on a glass slide 
and fixed by placing in osmic acid fumes for 45 to 55 minutes. 
3. Preparations were cleared in a one per cent solution of ~hlora­
zine for one minute. 
4. Smears were then washed in distilled water. 
5. When the smears were thoroughly dried following washing, 
they were stained with carbol-fuchsin and washed in tap water. 
Physiology of Semen Production 
Observations on sexual activity and semen production were made 
with New Hampshire males hatched in the early spring of 1938. In 
order to obtain a more complete picture of sexual activity and semen 
production the investigations were divided into two groups. In the 
first group sexual activity and semen production were observed dur-
ing mating trials, while in the second group the seminal fluid was 
removed from the male by the abdominal massage technique de-
scribed by Burrows and Quinn (1937). 
Collection of Semen during Mating Trials.-In the first group of 
experiments fourteen males were used, 6 of which were maintained 
in batteries and 8 were mairitained iri breeding pens. The experi-
ment was commenced in October, 1938, and continued through Sep-
tember, ' 1939. Observations were made on each animal during a 
15-minute mating trial once each month. Semen was intercepted 
during attempted matings with a glass semen collector fitted to the 
male fowl (Parker, 1939). Unless otherwise indicated, the trials 
were conducted between 6 :30 A. M. and 9 :00 A. M. The males were 
given 36 hours of sexual rest before they were released, with the 
semen collector affixed, into a small enclosure holding from 12 to 
18 females. The battery maintained males were permitted the free-
dom of the breeding pens for several hours prior to the 36-hour 
sexual rest period, and the males usually maintained in breeding 
pens were isolated in cages during the 36 hours of sexual rest. 
During the mating trials data were recorded on the following: 
1. Number of matings attempted 
2. Numl;>er of completed attempts (semen recovered) 
3. Number of incomplete attempts (no semen recovered) 
Semen from the completed attempts at mating was removed from 
the semen collector and put into 2 cc. glass vials after the determi-
nation of its volume. The semen-containing vials were then insulated 
and placed in a vacuum bottle at temperatures between 2° C. and 
5° C. until the trials were completed. They were then taken to the 
laboratory for further examination. 
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Collection of Semen by Abdominal Massage Technique.-The sec-
ond group of experiments in these investigations was concerned 
with semen production only. The semen was obtained by the ab-
dominal massage technique. The 13 males used in these studies 
were confined in cages. Semen was obtained once each month from 
April to September, 1939, inclusive. With the exception of the ex-
periments on frequency of collection, all males were stimulated to 
ejaculate 48 hours previous to the collection of the experimental 
semen samples. A constant interval between ejaculations is desir-
able in experiments on spermatozoa production in cocks, as will be 
pointed out subsequently in this bulletin. After the volume of 
each collection was determined, 2 hens»<- were each inseminated with 
0.1 cc. of the undiluted semen. The remainder of the sample was 
taken to the laboratory for examination. 
· 
Laboratory Examination of Semen.-In the laboratory sperm con-
centration counts and hydrogen-ion concentration values were 
recorded for the semen specimens obtained in the first group experi-
ments. In addition to the above, motili ty and morphological studies 
of the spermatozoa were made for all specimens collected by the 
abdominal massage technique. Briefly, the methods used in deter-
mining each of the above semen characteristics were as follows: 
Density of the Sperm Suspension, or Concentration.-To determine 
the number of spermatozoa per cu. mm. of semen a hemacytometer 
was used. Semen samples that appeared to be dense were diluted 
with equal parts of normal saline solution prior to making the 
counts. To immobolize the spermatozoa while making the counts, 
several drops of ethyl alcohol were added to the diluting solut ion. 
Hydrogen-ion concentration.-The pH values were obtained with a 
Leeds-Northrup potentiometer using a quinhydrone elect rode. Two 
readings were made and the average recorded. 
Motility determinations.-A drop of undiluted semen was examined 
microscopically, using the hanging-drop technique, for the amount 
and type of movement. The following method of scoring motility 
was employed: 
TYPE DESCRIPTION 
5-Semen containing sperms showing a vigorous and pro-
gressive motility. 
4-Semen containing a few sperms with vigorous motility. 
There may be a few inactive sperms. 
3-Semen containing many sperms showing moderate motil-
ity. There may be a number of inactive sperms. 
2-Semen containing many sperms showing slight motility. 
There may be a number of inactive sperms. 
1-Semen containing few spermR Rhowing slight motility. 
0-No motility observed. 
*In a few instances only one female wai:; inseminated. 
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Morphology of spermatozoa.-The semen smears were fixed and 
stained by the method previously described. The stained prepara-
tions were examined with the oil immersion lens of the microscope. 
Percentage of abnormal sperms was determined by dividing the number 
of abnormals observed, times 100, by the number of sperms counted 
which usually was 200. In a few instances the percentages were 
based upon counts of less than 200 sperms. 
Frequency of Ejaculation.-Two experiments were conducted to 
study the influence of the lengths of the intervals between col-
lections on the amount and quality of the seminal fluid produced. 
The first tests were made during the period May 10 to June 1, 1939, 
with 3 yearling males; and the second experiment was conducted 
from September 7 to 29, 1939, with 3 other yearling males. The 
intervals between collections varied from 6 hours to 8 days in both 
instances. Semen was obtained by the massage technique and an 
effort was always made to obtain all the semen possible at each 
collection. The appearance of a clear colorless fluid usually indi-
cated when the stores of semen in the posterior excurrent ducts 
had been exhausted. 
Measuring Fertility 
lnsemination.-In the experiments on fertility and hatchability 
in domestic fowls unfertilized females were artificially inseminated 
by a technique which is a modification of that described by Quinn 
and Burrows (1936). A 1 cc. glass tuberculin syringe, graduated in 
0.01 cc., was equipped with a glass extension tube which was 5 to 
6 ems. in length with an inside diameter of 2 mm. This glass tube 
was fitted to the syringe by means of a small piece of rubber 
tubing (Figure 1). Such an arrangement makes it possible to inject 
the semen farther into the oviduct of the female and under certain 
conditions would enable the operator to use a clean steriJiz·ed tube 
for each female inseminated. A dosage of 0.1 cc. of undiluted semen 
was used in all experiments. Inseminations were made within 15 
minutes after collection of the semen. A total of approximately 
65 New Hampshire females confined in laying batteries was used. 
Eggs from inseminated hens were stored in a basement room prior 
to incubation. In no instance was the interval between laying and 
placing eggs in the incubator greater than 2 w~eks. All eggs were 
incubated in force draft incubators, and were candled after 7 to 10 
days to detect fertility. In those experiments in which data on 
hatchability are reported the eggs were candled a second time on 
the eighteenth day of incubation. 
The studies on the duration of fertility, the influence of age of 
sperm on hatchability, and mixed semen versus unmixed semen 
i.nvolved two experiments. The first experiment was made with 29 
unfertilized New Hampshire females which were inseminated on 
March 8, 1939, with aliquotes of the thoroughly mixed semen of 8 
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N8w Hampshire males. The second experiment involved 36 unfer-
tilized New Hampshire females which were inseminated with un-
mixed semen from 15 New Hampshire cocks. The females were 
inseminated on several occasions from April 5, to April 12, 1939, 
inclusive. In both the above experiments the eggs were saved for 
incubation for a period of 28 days following insemination. 
Fig. ].--Syringe with extension tube which was used for insemination of the female fowls. 
Semen Characteristics and Fertility.-The studies on the relation 
of certain semen · characteristics to fertilizing capacity extended 
over the 6-months period, April to September, 1939. Inseminations 
were made with undiluted and unmixed semen collected from 15 
males. From each collection of semen two females were inseminated. 
Ordinl:rily the percentage of fertility for each male was calculated 
by dividin1,r the number of fertile eggs laid by the two females 
during a 13-day period, second to fourteenth days, after insemination, 
timeR 100. by the total number of eggs laid during this period. In 
a few instances the percentage of fertility was calculated from the 
eggs of one hen."-'<· Only those matings were included in the studies 
whose percentage fertility was .based upon 7 or more eggs. A total 
of 74 samples of semen was considered in the data presented on this 
point. The intervals between these collections and previous ejacu-
lation of the males ranged from 2 to 8 days. 
Competitive Fertilization.-In 2 experiments on competitive ferti-
lization Barred Rock, White Leghorn and New Hampshire males 
were used. Each New Hampshire female was inseminated with the 
mixed semen of 3 males, one of each of the above breeds. E'ach 
male contributed the same volume to the mixture. From these 
matings 85 chicks were hatched. To determine which males fer-
tilizeq the eggs laid following insemination, the down colors of 
the chicks hatched from these eggs and the down colors of 4 embryos 
that died in the later stages of incubation were determined. In the 
first experiment 4 hens and 6 males and in the second 12 pullets 
and 3 males were employed. 
*In 6 cases one of the two females failed to lay following insemination. Also in 11 cases when two females were inseminated with semen from the same collection, one female laid a relatively large percentage of fertile eggs and the other laid 110ne. When SO percent or more of the ~gs laid by the one female were fertile, the eggs laid by the unfertilized female were not considered in calculating the percentage of fertility. In Stich cases the numbers of eggs laid by the unfertilized females were smalJ (1 to 5) and usually irregularly spaced during the 1 J ·day period. 
Male 
HQ 
1587 
1388 
1237 
507 
521 
3101 
984 
2937 
2§2~ 
Mean 
1461 
661 
80 
2l!i~ 
Mean 
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RESULTS 
Anatomy of the Reproductive System 
The reproductive system of the male fowl consists of the two 
testes with epididymides, the vasa deferentia and the copulatory 
apparatus (Fig. 2). 
Fig. 2.-RevroductiYf' organs nf the male donwstic fowl (\·1·11 1r;d \'jl'W) . 
TABLE 1. BODY WEIGHTS AND TESTIS WEIGHTS AND MEASUREMENTS IN ADULT MALE FOWLS. 
COMPARATIVE DATA ON WHITE LEGHORN AND HEAVY BREED MALES. 
Ratio 
Date Age Body :r~siilii Yi~ight~ (e:msl testes T~5U~ M~a:;n,u;:~m~nts i ~ms> 
Breed exam- in weight wt.to L~ngth ~ldlh 
in~s.! ms;intbs in e:x:ams Ldt ll.!&:hl I2lal bQ:dy :wt Ldt ll.!ghi Ldl ll.!ghi 
W. L. 2-7-39 11 2268 10.85 9.92 20.77 1:109 4.20 4.10 2.30 2.15 
W.L. 2-8-39 11 2540 9.43 11.58 21.01 1:121 4.15 4.35 2.12 2.25 
W. L. 2-16-39 11 2359 10.54 8.35 18.89 1:125 4.35 4.15 2.40 2.10 
W.L. 5-3-39 15 2359 9.91 9.73 19.64 1:120 4.60 5.10 2.10 1.90 
W.L. 5-3-39 15 2268 14.66 15.37 30.03 1:76 4.10 5.10 2.50 2.50 
W. L. 5-3-39 13 2449 10. 76 9.86 20.62 1:119 4.20 4.10 2.20 2.20 
W.L. 8-18-39 17 2359 5.72 7.35 13.07 1:180 3.30 4.50 1.90 1.60 
W.L. 8-18-39 16 2177 5.29 4.20 9.49 1:229 3.45 3.25 1.80 1.60 
YI., L ~-1~-n 1§ 21!i!i 9 8~ 8 §~ ' IH2 1-11§ ~ 10 ~ 10 2 2Q 2,~Q 
W. L. 2326 9.67 9.44 19.11 1:122 4.05 4.30 2.17 2.06 
W.R. 6-29-39 15 3810 15. 77 17.82 33.59 . 1:113 4.4 4.5 2.60 2.65 
W.R. 6-29-39 16 3629 17.10 14.20 31.30 1:116 4.3 4.5 2.70 2.50 
N. H.R. 8-25-3 9 18 3266 20.10 17.73 37.83 1:86 5.6 5.5 2.90 2.80 
N H B 8-2~-~ ~ I§ 3~6§ 8 4~ 12 ~7 2q~ i•l!i3 H u 2 ~o 2,!iO 
3493 15.35 15.68 31.03 1:113 4.55 4.85 2.62 2.61 
*Refers to the trimmed testes - Epididymides not included. 
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Testes.-The two testes are bean shaped and lie on either side 
of the vertebral column in the abdominal cavity. They are ventral 
to the anterior lobes of the kidneys and are partially surrounded 
by the thin membranes of the posterior thoracic air sacs. The close 
relationship of the testes to these air sacs may possibly serve as a 
thermo-regulatory mechanism for the testes. That the scrotum 
serves in this capacity in mammals is well known. 
Table 1 presents data on weights and measurements of testes 
taken from Leghorn and heavy breed males. Considering both actual 
weights and ratio of testis weights to body weights, the t estes from 
the heavy cocks were larger than those of Leghorns. In some indi-
viduals the weight of the gonads was approximately one per cent of 
the total body weight. 
In coior the testes varied from white to creamy white. Blood 
vessels in the outer covering were abundant (Fig. 2). 
Fig . .1.-Scctiens through testis rif the domestic fowl. A x 75; B x 301. N<>te the activ ity 
o.f the germ cells, the spermatozoa a ttached to the Sertoli cells, and the scarcity of intertuhular tissue. 
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Figure 3 shows a photomicrograph of sections through the fowl 
testis. The various stages of spermatogenesis occurring within the 
seminifer9us tubules are apparent. The spermatozoa shown in 
clusters with their tails projecting into the lumina are attached to 
Sertoli or nurse cells. When mature the sperms become detached 
from these cells, and pass from the testis through the lumina of 
the tubules and the excurrent ducts. Spermatozoa were observed 
ih the seminiferous tubules of all adult males examined except 
Leghorn male 1587. Mean diameters of the tubules of testes from . 
9 Leghorn males varied from 204 to 277 micra. 
Epididymides.-Projecting from the dorso-medial surface of each 
testis is the small rudimentary epididymis which is connected an-
teriorly to the adrenal gland (Fig. 2). The epididymis encloses 
the rete testis, and the efferent and epididymal ducts (Fig. 4A). 
The above, in the order named, are the paths of communication for 
spermatozoa as they pass from the testis into the vas deferens. 
Results of histological examinations of tissues from the epididymal 
region were in substantial agreement with those reported by Gray 
0 937) . Those interested in this point are referred to his de-
scriptions. 
Vas Deferens.-The epididymal ducts empty into the vasa defer-
entia. These ducts are observed on either side of the middorsal 
line between the epididymides and the cloaca (Fig. 2). As the 
vas deferens continues posteriorly its diameter increases noticeably. 
Just anterior to the point where the vas deferens enters the walls of 
the cloaca it measures up to 3.5 mm. in diameter in some individuals. 
It is in the enlarged posterior regions of the ducts that semen is 
stored in appreciable amounts prior to ejaculation. In its normal 
.position the vas deferens is much convoluted. 
Histologically the avian vas deferens resembles the typical 
mammalian vas deferens as described by Maximow and Bloom (1934) 
and Cowdry (1934), except that in the former the longitudinal and 
circular muscle fibers are not organized into definite layers. In the 
more anterior regions the walls of the ducts are relatively thin, 
but in sections of the posterior vas deferens the musculature of the 
walls is more developed (Figs. 4B and 4C). The lumina of the ducts 
are irregular in outline and are fined with pseudostratified columnar 
epithelium. 
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A • 
Fig. 4.-Sections through excurrent ducts. A. Through the epididymis, x 24. D--efferent 
ducts; T-epididymal tubules; R-rete testis; S-seminiferaus tubules; V-artery. 
B. Anterior vas deferens, x 27. 
C. Posterior vas defcrens, x 27. 
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Copulatory Apparatus.-The vasa deferentia enter the wall of the 
cloaca dorso-laterally, continue between the layers of this organ 
and terminate in two small papillae on the ventral wall of the 
cloaca (Fig. 5). Slightly posterior to the papillae the rudimentary 
copulatory organ is located. 
Fig. 5.-R udimentary copulatory organ (R) and papillae (P), x 5.6. 
The papillae are conical in shape and are 2 to 3 mm. in height 
and 1.5 to 3 mm. in diameter. Each papilla has a lumen through 
which semen is emitted during copulation (Fig. 6). Normally the 
lumina open on the apices of the papillae. The rudimentary copu-
latory organ is somewhat irregular in outline and its dimensions 
vary from 3 to 5 mm. in length, 2 to 3 mm. in width, and 2 to 4 mm. 
in height. There is no lumen through the rudimentary copulatory 
organ. Microscopic examinations of sections through the papilla 
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and the rudimentary copulatory organs reveal their muscular and 
vascular structure. The internal regions of both organs, but espe-
cially the latter, present a structure similar to that of the corpus 
cavernosum of the true penis. 
Fig. 6.-·--Cross-scction nf papilla. x 79. N ote lumen. 
. . 
'\.~ 
. ''-:! 
·. 
1~ 
I 
Fig. 7 .- -Spermal ozoa of the domestic fowl, x 81 8. 1, acrnsomc ; 2, head; .l , mid piece ; 4, tail. 
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Sperrnatozoa.-In shape the spermatozoon of the domestic fowl is 
quite unlike those of man and other mammals. The head is long 
and· spindle-shaped with a sharp-pointed acrosome, and is approxi-
mately 15 micra in length. Connecting the head with the long 
thread-like tail is a midpiece which varies from 3.2 to 4.8 micra in 
length. The tail is 68 to 78 micra long. Figure 7 shows sperma-
tozoa from the domestic cock. 
PHYSIOLOGY OF SEMEN PRODUCTION 
Group I. Studies of Sexual Activity and Characteristics of 
Ejaculates Obtained with the Semen Collector 
Sexual Activity or Libido.-An analysis of data based upon 150 
trials conducted in the mornings with 14 New Hampshire males 
revealed that the number of matings attempted per each 15-minute 
period ranged from 0 to 5 (Fig. 8). The mean number of matings 
attempted per trial period ranged from 0.33 for male No. 874 to 
2.55 for No. 258. The mean for all males for the 150 trials was 1.37. 
40 
55 
50 
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';l 25 ~ 
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fil 15 
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co lO ll. 
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0 
0 l 2 5 
No. matings attempted per trial 
Fig. 8.- N umber and percentage distribution of matings a t tempted per 15-minute trial period, 
150 trials with 14 males. · 
It was observed that in many instances no semen was collected 
from what appeared to be normal matings. These incompleted at-
tempts at mating comprised 14 per cent of all attempts. This phe-
nomenon occurred rather frequently with certain males, with others 
only occasionally, and with 5 of the individuals it did not occur at 
all (Table 2). In the case of male No. 1203 there were no incom-
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pleted matings in a total of 30 attempts. The fact that incompleted 
attempts occurred rather frequently with some individuals and not 
at all with others indicates that this is a normal phenomenon with cer-
tain males rather than a failure on the part of the semen collector 
to intercept the semen. In only a few instances was there any 
evidence that the apparatus failed to collect the semen, and in such 
instances repeat trials were .conducted after the males were given 
another rest period. 
TABLE 2. INDIVIDUAL VARIATION IN SEXUAL BEHAVIOR, SEMEN PRODUCTION 
AND SEMEN QUALITY. 
SEMEN OBTAINED WITH THE SEMEN COLLECTOR. 
Mean no. Mean no. Mean Mean total Mean Concentration and pH of 
of of In- volume no. sperms fir~t gjai;ulatg~ 
Male Number ejaculates complete semen per produced No. of Sperm 
No. trials (1 > per trial attempts trial per trial first concentration pH 
i;ii:r trial !i:s:.> ! mi!l!Qn~ ! gJaia1lat!l:1 !mlll!Qn~! 
Mal!l~ In ln:!l!l21m: ll!:n~; 
2117 12 0.83 0.67 0.19 394.8 8 1. 73 7.53 <2> 
1374 3 1.67 0.33 0.37 828.8 2 4.00 7.39 
1220 10 0.90 0.40 0.29 457.3 7 1.38 7.52 
501 12 0.83 0. 17 0.21 495.9 7 2.63 7.43 
1203 12 2.50 0. 00 1.06 3059.3 11 2. 91 7.36 
80 11 1.18 0.09 0.44 2684.8 10 6.27 7.50 
81 12 1.17 0. 50 0.38 542.7 8 1.56 7.38 
258 9 2.33 0.22 0. 57 589.4 8 1.26 7.46(3) 
llleightgd l!l!:i\llll 1.38 0.30 0.45 1182.8 2.74 7.45 
Malg~ In batti:rl!l~: 
616 12 1.83 0.25 0.45 1084. 3 11 3.09 7.43(4) 
874 9 0.33 0.00 0.09 283.6 3 2.78 7.42 
716 12 0.67 0. 17 0.18 611.0 7 3.50 7.52 
642 12 1.58 0.00 0.47 1771. 7 11 4.32 7.62 
1026 12 0.50 0.00 0.13 231.2 5 1.59 7.62 
1204 12 0.58 0.00 0,23 975,6 7 4,03 7,53 
Weighted Means 0.94 0.07 0.26 849.8 3.42 7.53 
Weighted Means 1.18 0.19 0.37 1029.6 3.02 7.48 
1 
1. T rial = 15-minute period of observation. 3. Mean of 7 ejaculates. 
2. Mean of 7 ejaculates. 4. Mean of 10 ejaculates. 
Amount and Quality of Semen Collected.-In appearance, semen 
from male fowls varied from a clear watery fluid to a dense opaql!e 
suspension which was whit e to cream in color. The former type 
of semen was usually lower in number of sperms per unit volume 
than the latter. No movement of the spermatozoa was observed 
macroscopically. 
The volume of the ejaculates obtained by the semen collector 
method ranged from 0.05 -cc. to 1.00 cc., the mean volume, based 
upon 177 ejaculates, being 0.36 cc. Figure 9 shows a frequency 
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distribution of the volumes of the ejaculates. The mean volumes 
of semen produced per trial period ranged from 0.09 cc. to 1.06 cc. 
(Table 2). These and the data on the other males indicate that 
there is a marked variation between individuals with respect to 
volume of semen produced per trial. An examination of the data 
for all males over the 12-months period of these investigations 
revealed that in some instances the ejaculates from the same male 
varied considerably in volume from month to month. Males main-
tained in the breeding pens produced an average of 0.45 cc. per trial, 
while the battery kept males produced an average of only 0.26 cc. 
per trial. 
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Fig. 9.-Percentage distribution of the semen volumes of 177 ejaculates from 14 male fowls. 
Sperm Concentration of Semen.-The number of spermatozoa per 
cu. mm. of semen ranged from 0 to slightly over 10 millions (Fig. 
10). That individuals vary relatively to the mean sperm concentra-
tion of their . semen is shown in Table 2. The average concentration 
of the first ejaculates of the battery kept males was 3.42 millions 
as compared with 2.74 millions for the birds maintained in the 
breeding pens. An interesting observation was that 2 of 22 ejac-
ulates from No. 616 contained no spermatozoa. The fluid in each 
instance was clear and watery. 
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Fig. 10.-Perccntage distribution of the sperm concentration per cu, mm. of 177 ejaculates 
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Fig. 11.-Per centage distribution of sperms per ejaculate. 
Total Number of Spermatozoa.-The mean number of sperms per 
ejaculate was 868 millions, and the range was from 0 to 5.25 billions 
(Fig. 11). An examination of the data in Table 2 reveals that there 
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was considerable variation between individual males relative to the 
mean total number of sperms produced per trial. Male No. 1203 
produced an average of more than 13 times as many sperms per 
trial period as did No. 1026. Although in some individuals the 
numbers of spermatozoa produced per trial varied considerably for 
the several periods, there was nevertheless a tendency for some birds 
to produce consistently large numbers of sperms arid others rela-
tively small numbers. The males maintained in the breeding pens 
produced almost 40 per cent more spermatozoa per trial period than 
did the battery confined animals. This is largely the result of a 
greater amount of sexual activity and greater volumes of seminal 
fluid produced per trial by the non-confined individuals. 
Hydrogen-ion Concentration.-The hydrogen-ion concentration of 
171 ejaculates ranged from pH 6.50 to pH 8.50, with a mean of 
pH 7.50. The percentages of the ejaculates in different pH ranges 
are shown in Figure 12. Approximately 63 per cent of· all the ejac-
ulates had pH values between 7.30 and 7.90. The above values indi-
cate that in general fowl semen is alkaline in reaction. The mean 
of the pH values for all first ejaculates of each male is presented 
in Table 2. 
. . . . . . . . 
t- t- t- t- t- t- t- <X) <X) <X) <X) <X) 
pH values 
Fig. 12.-Percentage distribution of hydrogen-ion concentration of 171 ejaculates from 14 males. 
Successive Ejaculates.-When 3 or more ejaculates were collected 
during a given trial period, there was a general tendency for each 
successive ejaculate to appear less opaque in color and, conse-
quently, less dense in sperm concentration than the preceding 
ejaculate. A study of cases in which 3 ejaculates were obtained 
during one trial is shown in Table 3. These data show that the 
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TABLE 3. VOLUME, SPERM CONCENTRATION, TOTAL NUMBER OF 
SPERMATOZOA AND pH IN SUCCEEDING EJACULATES 
A. When 3 ejaculates from one male were obtained in a 15-minute trial. 
Mean No. Mean total 
Mean volume spermatozoa number of 
Ejaculate of semen per cu. mm. spermatozoa Mean pH 
No. <cc.> of semen (millions) 
lmilli!:ms> 
1 0.463 3.17 1549.3 7.31 
2 0.291 1.96 731.1. 7.36 
3 0.222 1.23 342.9 7.44 
The above data on volume, sperm concentration, and total number 
of spermatozoa are based upon 69 ejaculates (23 cases) from 10 males. 
Data on pH are based upon 48 ejaculates <16 cases) from 9 males. 
B. When 4 ejaculates from one male were obtained in a 15-minute trial. · 
Mean No. Mean total 
Mean volume spermatozoa number of 
Ejaculate of semen per cu. mm. spermatozoa Mean pH 
No. <cc.> of semen <millions> 
1 0.383 2.57 1150.5 7.28 
2 0.283 1.69 575.6 7.35 
3 0.300 1.28 517.3 7.38 
4 0.285 1.46 504.4 7.36 
The above data on volume, sperm concentration and total number 
of spermatozoa are based upon 48 ejaculates ( 12 cases> from 6 males. 
Date on pH are based upon 28 ejaculates (7 cases) from 4.males. 
25 
mean volume, sperm concentration, and number of spermatozoa per 
ejaculate decreased consistently with each succeeding ejaculate, 
whereas the alkalinity increased·. 
In Table 3 are also data for trials in which 4 ejaculates were col-
lected from a male. The numbers of spermatozoa per ejaculate 
decreased consistently with the successive ejaculates, but the mean 
volumes and sperm concentration of the second, third and fourth 
ejaculates, although below the mean of the first ejaculate, did no~ 
decrease in successive order. A very interesting observation is 
shown on the relation of the mean pH values to the mean sperm 
concentration. These data suggest that alkalinity of avian semen 
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increases with a decrease in concentration of the sperm suspension. 
McKenzie and Berliner (1937) reported similar observations with 
semen from rams. Figure 13 is a photograph of 4 ejaculates col-
lected during a 15-minute trial period. Trials in which 5 ejaculates 
were obtained were too few to furnish reliable data on this phe-
nomenon. 
Fig. 13 .-Four semen samples collected in a 15-minute trial period. The sperm concent
ra-
tion of the specimens were: 1, 3.09 ; 2, 1.79; 3, 0.40; and 4, 0.01 millions of spermatoz
oa per 
cu. mm. of semen. 
Although there was a tendency for successive ejaculates collected 
from one male in a given period to decrease in total numbers of 
spermatozoa, the phenomenon was more pronounced with some 
individuals than with others. Male No. 616 showed a marked de-
crease with each successive ejaculate collected in the same period, 
while No. 1203 demonstrated the phenomenon to a much less degree; 
this was particularly true during the last 7 months of the investi-
gation. It is probable that males of the latter type would prove to 
be the most effective from the standpoint of fertilizing a large 
number of females. 
Seasonal Variation in Semen Production.-The influence of season 
of the year on egg production is well known. That fertility in 
breeding flocks is higher at certain times of the year than at others 
has been commonly observed. The influence of season on the semen 
production of male fowls in the experiments using the semen col-
lector is pr.esented in Figure 14. Sexual activity was somewhat 
depressed during January, June and July, and especially in Sep-
tember. During the September trials the males were molting and 
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objected to being handled. The only two males that attempted 
matings during the September trials were molting less heavily than 
the others. Thus it is probable that molt was a factor influencing 
the sex drive of the males during this month. The sperm concen-
tration, or density of the semen, varied from month to month (Fig. 14), 
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but with the exception of the first 5 months it showed little associ-
ation with season. During the period from October to February 
the average sperm densities increased progressively. Spermatozoa 
production, as measured by the mean number of spermatozoa ejac-
ulated in the 15-min ute tria ls, rose from a low level of 634 millions 
in J anuary to a peak of 1,827 millions in May, after which there 
was a tendency to decrease. The small total number of sperms 
produced in September (168 million) was influenced greatly by the 
decreased libido for that month. The relation of the length of day, 
as measured by the hours of possible sunshine per day, and sperma-
tozoa production was striking. In general, the numbers of sper-
matozoa increased with an increase in the length of day, and when 
the days became shorter the numbers of sperms ejaculated declined. 
The volume of semen ejaculated appeared to be more closely cor-
related with the length of day than was the concentration of 
spermatozoa in the semen. Sexual activity, or libido, expressed as 
the mean total number of attempted matings per trial, was not 
closely associated with length of day. 
Group IL-Studies of the Characteristics of Ejaculates Collected 
by the Abdominal Massage Method 
Volume.-Volumes of semen obtained by the abdominal massage 
method of forcing semen from the posterior ducts of the male 
greatly exceeded those obtained when the semen collector was 
employed. The mean volume of semen collected from the males 
by the massage technique was 0.88 cc., whereas the mean volume 
per ejaculate collected in the semen collector was 0.36 cc. (Tables 
2 and 4) . Figure 15 shows a frequency distribution of the volumes 
of semen collected by the former method. Approximately 58 per 
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Male 
No 
2422 
54 
2120 
876 
1210 
1440 
156 
2154 
1182 
2054 
2764 
2425 
2944 
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cent of the collections were between 0.75 cc. and 1.14 cc. in volume. 
The smallest amount collected from a male at a given collection was 
0.27 cc. and the greatest amount was 1.50 cc. Observations revealed 
that there were variations in the volumes of the collections from 
the same male at different times. There were also marked individual 
variations in the mean volumes of semen produced (Table 4). 
TABLE 4. VARIATION IN SEMEN PRODUCTION IN BATTERY MAINTAINED MALES. 
Number 
of 
col-
lections 
2 
6 
4 
6 
6 
6 
6 
6 
SEMEN COLLECTED BY THE ABDOMINAL MASSAGE TECHNIQUE 
<APRIL TO SEPTEMBER, 1939) 
Mean 
Mean Mean Sperm total no. 
volume concentration of sperms 
cc (millions> ( m!!Hons) 
1.00 
0.90 
1.10 
0.94 
1.02 
1.03 
1.05 
0.69 
1.03 
1.01 
0.48 
0.62 
0.79 
3.58 
3.58 
4.07 
3.20 
4.98 
3.83 
3.35 
J.34 
3.17 
4.09 
1.36 
3.26 
2.98 
3603 
3163 
4531 
3010 
5029 
3863 
3739 
2249 
3176 
4307 
787 
2549 
2683 
pH 
range 
mean 
6.90 - 7.47 
7.19 
6 85 - 7.37 
7.17 
6 80 - 7 35 
7.09 
6 65 - 7 35 
7.07 
6.95 - 7 55 
7.34 
7 05 - 7 55 
7.27 
6.90 - 7.27 
7.15 
6 95 - 7 72 
7.40 
700-748 
7.21 
7 00 - 7 80 
7.36 
7.23 - 7.78 
7.41 
7 25 - 7.81 
, 7.51 
6 95 - 7 47 
Mean 
motility 
scores 
3.0 
4.2 
4.7 
4.0 
4.0 
4.2 
4.5 
4.7 
3.0 
4.5 
3.7 
3.5 
3.2 
Mean Mean Mean 
percentage percentage percentage 
of fertility fertility 
abnormal (un- <weighted> 
sperms weighted) 
9.8 
11.l 
12.1 
14.1 
11.3 
11.1 
10.3 
14.3 
12.3 
10.3 
15.4 
18.6 
17.0 
40.0 
60.7 
57.7 
44.3 
49.7 
75.4 
71.4 
56.8 
54. 6 
28.7 
40.2 
30.1 
29.9 
59.3 
68.5 
65.1 
42.6 
56.7 
74.6 
69.0 
56.3 
56.5 
33.3 
49.6 
30.0 
2~.8 
Weighted 
mean 72 0.88 3.44 3253 7.27 4.0 13.10 53.5 
Sperm Concentration.-When spermatozoa counts were made it 
was found that the sperm concentration of the semen from the 13 
males covered a wide range. Figure 16 shows the frequency with 
which samples of the several ranges of concentration occurred. The 
majority of the collections had concentrations of 2.00 to 3.99 mil-
lions of spermatozoa per cu. mm. of semen. The lowest concentra-
tion observed was 0.03 million and the highest was 6.94 millions 
when the period of sexual rest prior to ejaculation was 48 hours. 
In one instance when the period between collections was 8 days a 
sample was obtained in which there were 11.16 millions of sperms 
per cu. mm. of semen. 
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A comparison of Figures 10 and 16 shows that greater precentages 
of the semen samples were in the low concentration groups when 
the semen collector was used than when the massage method was 
employed. This may be partly explained on the basis of differences 
in the lengths of the periods of sexual rest prior to semen collection. 
With the former, these periods were 36 hours in length and with 
the latter method they were 48 hours. It has also been pointed out 
that successive ejaculates obtained from a male within a given trial 
tend to decrease in number of spermatozoa (Table 3) . 
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Fig. 16.-Percentage distribution of sperms per cu. mm. in 72 collections from 13 males by 
the abdominal massage method. ~ 
Not only were there variations between the mean concentrations 
of semen collections from different males, but there were differences 
between collections from the same individual obtained at different 
times. A simi~ar observation was reported by Munro (1938b), who 
was of the opinion that such differences within collections from the 
same individual occurred naturally and were not due to faulty 
technique. 
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Number of Spermatozoa.-The mean total number of spermatozoa 
per collection over the 6-months period was 3.25 billions. This 
number is almost 4 times the mean number per ejaculate as deter-
mined by the use of the semen collector. The range in total numbers 
of spermatozoa was from 12 millions to 8.3 billions per collection 
when the interval between collections was 48 hours. Figure 17 
shows a frequency distribution of the number of sperms per ejac-
ulate. Almost 68 per cent of the collections contained between 2 
and 5 billions of spermatozoa. Two collections exceeded 8 billions. 
One collection observed contained 15.62 billions of sperms, but in 
this case the period of sexual rest prior to ejaculation was greater 
than 48 hours. Individual variation with respect to mean total 
numbers of spermatozoa per collection (Table 4) was not as marked 
as that observed in the mating trials (Table 2). It would appear, 
therefore, that only a part of the wider variation between indi-
viduals in mean numbers of sperms ejaculated per trial (Table 2) 
was due to differences in capacities of the reproductive organs of 
these cocks to produce spermatozoa. Individual differences' in 
sexual activity, or libido, probably had a greater influence on this 
condition. The greater numbers of spermatozoa obtained by the 
massage technique as compared with the numbers obtained with 
the semen collector are apparent from a comparison of Figure 11 
with Figure 17. This may be largely due to the fact that with the 
forced method of ejaculation a greater part of the semen is removed 
from the posterior ducts, whereas in the normal mating process a 
smaller portion of the available semen supply is ejaculated. 
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Fig. 17.-Percentage distr ibution of sperms per collection of 72 collections from 13 males by 
the abdominal massage method. 
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Hydrogen-ion Concentration.-The range in hydrogen-ion concen-
tration of semen samples collected by the massage technique was 
from pH 6.65 to pH 7.78 (Table 4 and Fig. 18). The mean pH of 7.27 
was somewhat less than the mean of the pH values of the ejaculates 
obtained in the semen collector, which was 7.50. Definite informa-
tion as to what causes the normal ejaculates to be more alkaline 
is not at hand. 
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Fig. 18.-Percentage distribution of hydrogen-ion concentration of 72 collections 
of I 3 males by the abdominal massage method. 
Motility.~Microscopic examinations of specimens of cock semen 
collected by the abdominal massage technique for the degree of 
progressive movement showed that none of the samples was immotile 
and over 90 per cent of them scored 3 or higher. The results of 
motility studies are presented in Table 5. In sperm suspensions 
obtained from the vasa deferentia of 34 male fowls, Munro (1938) 
found a high degree of motility in all cases except from 2 diseased 
individuals. · 
RESEARCH BULLETIN 347 
TABLE 5. MOTILITY OF SPERMATOZOA 
Motility score 
Number of collections 
Per cent of collections 
0 
0 
0 
1 
0 
0 
2 3 
6 18 
8.3 25.0 
33 
4 5 
21 27 
29.2 37.5 
Morphology of Spermatozoa.-Eleven types of abnormal sperma-
tozoa were observed in avian semen (Fig. 19). The frequencies 
with which these types occurred varied considerably in the speci-
mens from the 13 males and also in those from the same individual 
on different occasions. Coiled tail sperms were found in all samples, 
and forms with broken tails and those without tails were found in 
all except a few cases (93 and 91.5 per cent of the collections •. re-
spectively). Spermatozoa with coiled heads wer.e found in 69 per 
cent of the samples. The other types were less often encountered. 
Two samples contained sperms with filiform midpieces and only 
one contained sperms with swollen heads. 
The frequencies of occurrence of the 11 types of abnormal sperma-
tozoa are shown in Figure 19. The range in the percentages of total 
abnormal sperms was from 3.5 to 39. The percentages of the collec-
tions with the varying levels of abnormals are shown in Table 6. 
Frequency of Collection and Semen Characteristics.-When semen 
was obtained by the abdominal massage technique at intervals 
varying from 8 days to 6 hours, it was observed that the volume, 
sperm concentration or density, and total n.umber of spermatozoa 
per collection decreased with a shortening of the interval between 
collections (Fig. 20). The mean total numbers of sperms per 
ejaculate decreased from 6.14 billions when the interval between 
collections was 8 days to 0.93 billion when the interval was reduced 
to 6 hours. During the period of increased interval length the mean 
total number of sperms per ejaculate increased from about 0.49 bil-
lion when the interval was 6 hours to 5.34 billions when the interval 
was 8 days. The mean number of sperms produced for both instances 
when the intervals were 2 days (48 hours) was 3.28 billions, whereas 
the mean for 72 samples shown in 'J;able 4 was 3.44 billions. 
The mean total numbers of spermatozoa produced when intervals 
between collections were one-half and one-fourth days were notice-
ably greater when these intervals were decreasing than when they 
were increasing (Fig. 20). This condition was probably due to a 
residual store of sperms that remained in the ducts fc:illowing ejac-
ulation. When the intervals between collections became shortest 
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NORMAL 
86.90% 
TAILLESS 
2.063 
COILED TAILS 
4.54% 
j 
BROKEN TAIL 
3.46% 
A 
.·:·:·. 
··:·.: 
COILED HEAD HOOKED HEAD RUPTURED 
o.85% 0.61 % HEAD o.63% 
SMALL 
0.573 
'--./ 
BLUNT HfAD 
0.113 
SWOLLEN BALLOON FILIFORM 
HEAD 0.033 HEAD MIDPIECE 0.2.2% 0.02.% 
Fig. 19.-T ypcs and f requencies of normal a n d abnormai bptrmatozoa 
occur I"in g in t he semen of the domestic cock. 
these residual stores were exhausted, and as the intervals were 
increasing this influence was lacking. Thus, the right side of 
Figure 20, which represents increasing intervals, is probably a truer 
picture of the rate of sperm production than that represented on 
the left side. 
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TABLE 6. PERCENTAGES OF ABNORMAL SPERMATOZOA 
FREQUENCY DISTRIBUTION 
Percentage 
"' "' "' "' "' "' of 
"' "' 
.; en .; en .; en 
abnormals .; en ..... 
"' "' "" "' I I 
0 0 0 0 0 0 0 0 
,,.; 0 ,,.; d ,,.; 0 ,,.; 
..... ..... 
"' "' "" "' 
Number of 
samples 2 18 28 16 5 1 0 1 
Per cent of 
samples 2.82 25.35 39.44 22.53 7.04 1.41 0 1.41 
Both the volumes and the concentrations of the collections of 
semen decreased with a decrease in the interval between ejacula-
tions, but the latter were affected to a greater degree (Fig. 20). 
Hydrogen-ion concentration varied considerably between the differ-
ent groups of collections, but the fact that the two groups with the 
lowest mean concentration had the highest mean pH values, pH 7.48 
and pH 7.44, is significant. The motility scores for the several 
groups were very similar, indicating that frequency of collection 
within the range here used had no influence on the motility ·of 
spermatozoa as measured in these experiments. 
Although there were marked differences in concentration of sperm 
suspensions and total numbers of sperms ejaculated by the males at 
the several periods, each individual responded in similar fashion to 
variations in the lengths of the intervals of sexual rest between 
collections. 
Fertility 
Duration of Fertility.-The duration of fertility following insemi-
nation with 0.1 cc. of undiluted semen is shown in Figure 21. No 
fertile eggs were laid on the first day following insemination of the 
females. Although only 33 eggs were laid on the first day in the 
two experiments, other available data revealed that of a total of 
111 eggs laid on the first day following insemination not one fertile 
egg was fo~nd. Munro (1938b) reported one egg was fertile out 
of 81 laid by fertile hens on the first day following insemination. 
In these investigations 75 per cent of the eggs laid on the second 
day were fertile, and on the third day the peak in fertility, 88 per 
cent, was attained. Thereafter, . there was a tendency toward a 
gradual decline to 64 per cent on the tenth day following insemina-
tion of the fem,ales. No fertile eggs were laid on the twentieth to 
the twenty-fourth days, inclusive, but on the twenty-fifth day one 
fertile egg in 30 was observed. This was the longest time interven-
ing between insemination and the laying of the last fertile egg. 
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F ig. 21.-Duration of fertility following insemination with 0.1 cc. of semen. Data on 65 
f emales-911 eggs; 
Mixed and Unmixed Semen.-Table 7 compares the results ob-
tained when females were inseminated with unmixed semen from 
individual males and when they were inseminated with a mixture 
of semen collected from several males. The results indicate that 
fertility resulting from insemination with unmixed semen compares 
favorably with that resulting from insemination with mixed semen. 
TABLE 7. COMPARISON OF MIXED AND UNMIXED SEMEN ON FERTILITY 
FEMALES INSEMINATED WITH 0,1 cc. UNDILUTED SEMEN 
1939 
Days Eiwl. 1a m1xeg ~emen Ex11t, 2li unmli!:ed ~emen E ]!;l!t~ , 1 and 2 IQ!al 
following No. eggs Percent No. eggs Percent No. eggs Percent 
insem!nallol\ set fertile set fertile set fertile 
15 0 18 0 33 0 
2 - 7 91 69.2 111 82.0 202 •/6.2 
8 - 14 110 50.9 130 58.5 240 55.0 
15 - 21 102 13. 7 127 11.0 229 12. 2 
22 - 28 107 0 133 0.8 240 0.4 
2 - 28 410 32.4 501 36.3 911 34.6 
a29 females 635 females 
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Influence of Age of Spermatozoa on Hatchability.-Data on the 
influence of time following insemination on the hatchability of eggs 
are presented in Table 8. In the first experiment the hatchability 
of eggs laid during the second week following insemination was -
higher than for those laid during the first week; however, in the 
second experiment the reverse of this situation was observed. In 
both experiments the numbers of fertile eggs produced during the 
third week following insemination were rather small to be of much 
significance, although they do suggest that the length of time 
spermatozoa remain in the oviduct of the hen has little or no 
influence on the hatchability of the fertile eggs. These data are in 
agreement with the find-ings of Dunn (1927) and Warren and Kil-
patrick (1929). 
TABLE 8, INFLUENCE OF TIME FOLLOWING INSEMINATION ON HATCHABILITY OF EGGS 
FEMALES INSEMINATED WITH 0.1 cc. SEMEN 
1939 
ll:lllll 1 - Mlt:S;~d s~men Eirnt 2 - llnm1x~Q §~m~n Ell!lt:; l and 2 - I~l\?,I 
Days Fertile Fertile Fertile 
following eggs Chicks Percent eggs Chicks Percent eggs Chicks Percent 
insemination set hatched hatched set hatched hatched set hatched hatched 
2 - 7 56 45 BOA 89 73 82.0 145 118 81.4 
8 - 14 53 46 86.8 74 53 71.6 127 99 78.0 
15 - 21 12 66.7 14 11 78.6 26 19 73.1 
22 - 28 0 0 0 0 0 0 0 
2 - 28 121 99 81.8 178 137 77.0 299 236 78.9 
Influence of Semen Concentration on Fertility.-Since there was 
much variation in the concentration of spermatozoa in seinen speci-
mens, studies were made to ascertain whether or not this charac-
teristic was related to the fertilizing capacity of the semen specimen 
in question. Only those specimens were considered whose fertility 
was based upon 7 or more eggs. Table 9 shows data on the influence 
TABLE 9. INFLUENCE OF CONCENTRATION OF SPERM SUSPENSION 
ON FERTILITY 
Concentration No. of No. eggs Range in Per i;ent fertile 
No. sperms per semen incubated fertility Unweighted Weighted 
cu mm semen samples !per cent) mean mean 
Less than 1 million 3 22 0 - 50.0 26.2 27.3 
1 - 2 millions 7 85 0 - 100 69.8 72.9 
2 - 4 millions 35 420 0 - 100 54_8 55.5 
4 - 6 millions 22 254 14.3 - 100 65.8 66.9 
Over 6 millions 7 85 20 - 100 64.3 64.3 
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of the sperm concentration of semen on fertility. Excluding the 3 
samples whose concentrations were less than 1,000,000 sperms per 
cu. mm. of semen, the concentrations apparently are not associated 
with fertilizing capacities. The low average percentage fertility 
obtained from those samples with less than 1,000,000 sperms per 
cu. mm. indicates that in extreme instances a low concentration count 
influences fertilizing capacity of semen adversely. The coefficient 
of correlation (r = .0043) between sperm concentrations and per-
centages of fertility was not significant. 
Hydrogen-ion Concentration of Semen as Affecting Fertility.-
Data relative to the association between hydrogen-ion concentration 
and fertility are shown in Table 10. The group wi th the lowest pH 
values yielded the highest percentage fertility, but since there wen 
only 2 samples in this group it is of little significance. Semen 
samples with pH values of 7.40 to 7.64 appear to yield optimum 
fertility . The 7.15 to 7.39 group was the next best group from the 
standpoint of the percentage of fertile eggs produced by females 
inseminated with the semen. Although the differences shown in 
Table 10 are not great, there is some in . -•, ::· : 1 that se1rinal fluids 
with pH value below 7.15 and above 7.64 are slig; ,:- '' "1Jri"11al L1 
their capacities to fertilize hens' eggs. The mean+:- percentage X'=! .' • • :-
ity for 50 samples within the range of pH 7.15 to pH 7.64 was 61.6, 
whereas the mean* percentage fertility resulting from insemina-
tions with 24 samples outside this range of pH values was 54.2. 
TABLE 10. INFLUENCE OF HYDROGEN-ION CONCENTRATION OF SEMEN 
ON FERTILITY 
No. of No. eggs Range in ~!l[ s:i:n! illrtil!l 
pH semen incubated fertility Unweighted Weighted 
sa.mi;ili:s !ii!lr s:i:nt> mean mean 
6.65 - 6.89 2 35 73.3 - 85.0 79.2 80.0 
6.90 - 7.14 15 172 0 - 84.2 53.4 56.4 
7.15 - 7.39 35 401 0 - 100 60.6 59.4 
7.40 - 7.64 15 176 0 - 100 64.0 6!:1.3 
7.65 - 7.90 7 82 0 - 85.7 49.1 52.4 
Motility of Spermatozoa and Fertility.-Table 11 shows data of 
the influence of the motility score of semen on its fertilizing ability. 
It is apparent in the groups with motility scores of 3, 4 and 5 that 
the higher the score, or the greater the amount of movement of the 
spermatozoa, the higher was the mean percentage of fertility. The 
group with the lowest score, 2, however, had the second highest 
*U nweight ed mea n. 
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mean percentage fertility; but since there were only 4 semen 
samples in this group and a total of only 35 eggs were incubated, 
only a limited amount of consideration should be given it. The co-
efficient of correlation (r = 0.264) between motility scores of seminal 
fluids and their resulting percentages of fertility following insemina-
tions is statistically significant but not highly significant. 
TABLE 11. INFLUENCE OF MOTILITY OF SPERM ON FERTILITY 
No. of No. eggs Range in Per cent fertile 
Motility semen incubated fertility Unweighted Weighted 
score samgles (Rer 1;entl mean mean 
2 4 35 28.6 - 100 65.4 65.7 
3 17 218 0 - 100 41.0 48.6 
4 23 289 0 - 100 59.9 62.3 
5 30 324 14.3 - 100 68.2 67.6 
Influence of Percentage Abnormal Spermatozoa in Semen on its 
Capacity to Fertilize Hens' Eggs.-The studies on the relation of 
morphology of spermatozoa to their ability to fertilize ova are sum-
marized in Table 12. An examination of these data reveals that the 
percentage of abnormal spermatozoa in any given sample is very 
definitely associated with percentage of fertility. With the excep-
tion of the 2 samples with less than 5 per cent of abnormal sperms, 
there is a gradual but pronounced decrease in mean percentages of 
fertility with an increase in the percentage of abnormal sperms. 
These data indicate that as long as the percentage of abnormal 
sperms was less than 15, fertility remained at a relatively high level. 
When 20 per cent or more of the sperms were abnormal the fertility 
TABLE 12. INFLUENCE OF PERCENTAGE OF ABNORMAL SPERMS 
ON FERTILITY 
Percentage No. of No. eggs Range in P!lr 1;ent fertile 
of abnormal semen incubated fertility Unweighted Weighted 
S'1!ll:IDS SiimRl!l:> !R!lr s;em! m!;lan mean 
0 
-
4.5 2. 26 36.4 - 73.3 54.9 57. 7 
5.0 - 9.5 16 183 30.8 - 100 71.7 73.8 
10.0 - 14.5 34 398 0 - 100 65.1 66.6 
15.0 - 19.5 14 164 0 - 100 51.5 51.8 
20.0 - 28.0 8 95 0 - 58.8 23.8 29.5 
Female 
No 
7049 
7083 
7201 
7259 
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resulting from insemination with such semen fell to 23.8 per cent. 
The negative coefficient of correlation between the percentages of 
abnormalities and the percentages of fertility was highly significant 
(r = -0.434) . These findings on the relation of sperm morphology 
to fertility in the domestic fowl are very interesting in view of the 
previously reported results of similar studies on sperm morphology 
in men (Moench and Holt, 1931) and in farm animals (Williams 
and Savage, 1927, and McKenzie and Phillips, 1934). 
Competitive Fertilization.-The results obtained when New Hamp-
shire hens were inseminated with a mixture of equal volumes of 
semen obtained from White Leghorn, Barred Rock and New Hamp-
shire males are shown in Tables 13 and 14. In both experiments the 
numbers of chicks sired by the Barred Rock and New Hampshire 
males were about the same, whereas conspicuously fewer chicks 
were sired by the Leghorns. 
TABLE 13. SPERM COMPETITION IN THE DOMESTIC FOWL 
NEW HAMPSHIRE FEMALES INSEMINATED WITH 0.1 cc. MIXED SEMEN FROM NEW HAMPSHIRE, 
BARRED ROCK AND WHITE LEGHORN MALES. EQUAL VOLUMES SUPPLIED BY EACH MALE 
DATE OF !NSEMINATION--JUNE 5, I939 
D:aJ:s {Qllowtng: insemination Males supplying 
4 7 8 9 10 11 12 13 14 15 semen 
c BR WL c NH - 1210 BR - 1430 
WL - 2937 
NH NH BR c NH NH WL NH I NH - 1210 BR - 1430 
WL - 2937 
WL BR NH BR BR NH NH BR NH - 2154 BR - 1430 
WL - 999 
NH BR BR NH NH - 1210 BR - 1830 
WL - 999 
I= Infertile, C = Cracked egg, BR = Barred Rock chick, NH =New Hampshire chick, and WL =White Leghorn chick 
Totals: BR= 8; NH= 10;· WL a 3. 
Although the total number of eggs fertilized by the Barred Rock 
and New Hampshire males were about the same, in certain of the 
females the spermatozoa from the New Hampshire males fertilized 
a larger percentage of the eggs while in other hens the spermatozoa 
of Barred Rock males were more effective. In every case where 2 
or more chicks were hatched from one dam, these chicks were sired 
by at least 2 males. Five of the 15 hens produced chicks sired by 3 
different m~les. (Note hens 7083 and 7201 in Table 13 and 7343, 
7350 and 7352 in Table 14.) The fact that there was no consistent 
order relative to which types of sperms fertilized the successive 
eggs laid by the females would suggest that one type will live about 
as long as another in the hens' oviducts, and that fertiliz·ation of 
the ova by competing sperms from different males is largely a matter 
Female 
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TABLE 14. SPERM COMPETITION IN THE DOMESTIC FOWL 
NEW HAMPSHIRE FEMALES INSEMINATED WITH 0.1 cc. OF MIXED SEMEN FROM A NEW HAMPSHIRE, 
A BARRED ROCK, AND A WHITE LEGHORN MALE. EQUAL VOLUMES SUPPLIED BY EACH MALE 
DATE OF INSEMINATION--AUGUST 13, 1939 
Dal!s fo11Qwiog ins~minaU2n 
HQ 4 2 8 9 IQ 11 12 1a !~ !~ 16 12 I2ta1 ~bl~k§ 
7342 BR I 
7343 DI BR NH I ~~ - D2 WL I 4 
7346 BR NH BR NH I I BR BR 
7347 NH BR BR BR BR NH BR I BR BR I BR I 10 
7348 BR NH I NH D2 c D2 BR [~~) I 
7349 BR NH B! " NH BR [ D3) I 6 
BR 
7:-;r:) 
l r~r) BR c NH c BR WL 
7351 c BR Dt NH BR NH BR NH I NH c 
7352 NH BR BR BR NH BR WL BR I 
7353 c WL Dt NH I 
7354 c D2 ~3 NH NH NH NH DI NH BR BR NH I NH 
7359 NH NH NH BR 4 
N. H. chicks 
0 0 4 0 30 
B. R. chicks 
0 4 4 34 
W. L. chicks 
0 0 0 0 0 Q Q 0 0 0 
Total chicks 
0 7 4 4 4 68 
I = Infertile, c c Cracked egg, BR = Barred Rock chick, NH = New Hampshire chick, and WL •White Leghorn chick. 
D1 = Dead embryo on 7th day, D2 =Dead embryo on 18th day, D3 = Dead in the shell. 
of chance providing these competing sperms are compatible with 
the ova. 
The apparent incompatibility of spermatozoa from Leghorn males 
and ova from New Hampshire hens is of interest since Bonnier and 
Trulsson (1939) reported a similar observation. These workers 
used Rhode Island Red hens instead of New Hampshires. Further 
work in this field using different strains or breeds would be desirable. 
Discussion 
The gross anatomy of the reproductive tract of the male fowl is 
much different from the general structure of that of the mammal. 
The apparent absence of accessory sexual organs and the presence 
of the papillae and the rudimentary copulatory organ are in striking 
contrast to the more highly organized system of the mammal. The 
large size of the gonads relative to body weight in the cock is inter-
esting when one considers the mating habits of fowls. In White 
Leghorn and American breed males the ratios of the testis weights 
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to body weights were found to be 1 :122 and 1 :113, respectively, and 
in some individuals the weights of the testes constituted more than 
one per cent of the body weight. McKenzie, Miller and Bauguess 
(1938) observed that the ratio of the testes weight to body weight 
in the boar was about 1 :250. 
The economic value of the cock lies in his ability to fertilize a 
large number of hens' eggs. In order to accomplish this the repro-
ductive organs of the male must produce a large number of viable 
spermatozoa, and under natural mating conditions these spermatozoa 
must be distributed in effective dosages to a large number of his 
mates. The abdominal massage technique of collecting semen from 
the domestic fowl developed by Burrows and Quinn (1937) makes the 
determination of the level of spermatozoa production a relatively 
simple matter. The use of the semen collector, described by Parker 
(1939), in mating trials is an approach to the measurement of the 
manner in which the spermatozoa are distributed under more natural 
conditions. Both the capacity to produce sperms and the effective 
distribution of them are very important factors making for high 
fertility in male fowls. 
The results of both phases of the studies on the physiology of 
reproduction in the male fowl demonstrate that there exist pro-
nounced individual variations with respect to spermatozoa produc-
tion and distribution. It has also been shown that male fowls are 
definitely limited physiologically as to the number of females that 
they can fertilize. In the first place the number of sperm produced 
per male per day was between 1.7 and 2.4 billions (Fig. 20). Accord-
ing to Munro (1938b) approximately 100 million spermatozoa are 
necessary for high fertility following artificial insemination. If the 
total sperm production was distributed so that 100 million sperms 
would be placed in the oviduct of each female, the maximum number 
of females fertilized per day would be 17 to 24. Using artificial 
insemination this would be possible, but under natural conditions it 
would be remote in view of some observations herein reported. Since 
a great percentage of the ejaculates exceeded 100 million sperms 
(Fig. 11) it is obvious that the number of effective ejaculates pro-
duced per day would be fewer than the above maximum numbers. 
Almost 50 per cent of the ejaculates contained more than 500 million 
spermatozoa. Since the data represented by Figure 11 ar e based 
on ejaculates obtained following 36 hours of sexual rest, the varia-
tions are probably greater than those that would normally occur in 
ejaculates throughout the day with a male in the breeding pen. 
Approximately 20 per cent of the ejaculates collected after 36 hours 
of sexual rest contained less than 100 million spermatozoa. Under 
natural mating conditions this number would no doubt be greater. 
Considering the above, it would seem that the number of hens that 
a male could successfully fertilize in a day would be relatively small, 
44 MISSOURI AGRICULTURAL EXPERIMENT STATION 
certainly not 17 or 24. Penquite, Craft and Thompson (1930) 
found that White Leghorn males mated as often as 6 to 28 times per 
day, but that the males fertilized only 2 ·to 8 of the females with 
which these matings occurred. These numbers wou.ld appear to be 
reasonable in view of the results of the present investigations. 
Results of the studies of successive ejaculates from a male during 
one trial period (Table 3) would suggest that in some individuals 
a high level of libido would be undesirable. It is conceivable that 
with some highly active males there would be an exhaustion of their 
sperm supplies after several ejacualtions within a short interval, 
and thereafter the inter:vals between copulations might be too short 
to allow for accumulation of sufficient sperms to insure fertiliz·ation. 
The results of the experiments on frequency of collection on 
semen quality and quantity have added significance when considered 
in conjunction with an artificial breeding program. On the basis 
of the number of spermatozoa produced per day, males would yield 
greater numbers when the collections were made at frequent inter-
vals, but due to the fact that too frequent stimulation of the males 
may cause injury to the posterior genitalia, collections at 24-hour 
intervals would be more desirable. Although the total numbers of 
spermatozoa produced were greater when the collections were 2, 3 
and 8 days apart, the production on a per day basis was less than 
for the 24-hour collections. This condition would suggest that 
during the longer intervals between collections the spermatozoa 
were resorbed by the vasa deferentia. In the guinea pig, Simeone 
and Young (1931) have found that when the intervals between ejacu-
lations are long there is disintegration and resorbtion of the non-
ejaculated spermatozoa. 
Comparisons of specimens of seminal :fluid from male fowls ob-
tained with the semen collector and by forced ejaculation with those 
from other farm animals are presented in Table 15. The ranges 
shown for the cock data are the extremes, whereas the data for the 
other animals are the ranges in which a great percentage of the 
specimens occur. It is interesting to note that the male fowl and 
ram produce small volumes of highly concentrated seminal :fluids. 
The stallion and boar produce large volumes of :fluid of much lower 
concentration. On the basis of body weight the male fowl is a very 
efficient sperm producer in comparison with other domestic animals. 
The results of the studies on the onset and duration of fertility 
employing the artificial insemination technique are, for the most 
part, in accord with the findings of previous investigations in which 
the females were inseminated naturally. The observation that no 
fertile eggs were produced on the day following insemination, how-
ever, is not in absolute agreement with previous findings (Dunn, 
1927; Curtis and Lambert, 1929; Munro, 1938b; Bonnier and Truls-
son, 1939). In the experiments of the above workers only a small 
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percentage ot the .eggs produced on the day following insemination 
was fertile. The longest interval between insemination and laying 
of the last fertile egg, which was 25 days, is in accord with data 
reported by Curtis and Lambert (21 days) and Dunn (30 days) 
which represent the extreme durations of fertility following the 
removal of males from the matings. 
TABLE 15, COMPARISON OF QUANTITY AND QUALITY OF SEMEN FROM DIFFERENT 
FARM ANIMALS 
No. of sperms 
Volume per per cu. mm. 
Animal ejaculate of semen 
!!:!: ) !milliQni;l 
Cock<ll: 
Semen collector 0.05 - 1.00 0.00 - 10.03 
Mean 0.36 3.02* 
Cock< 2l: 
Massage method 0.27 - 1.50 0.03 - 6.94•• 
Mean 0.88 3.44 
Ram<3l: 0.5 - 2.0 0.50 - 6.00 
Bull <3l: 2.0 - 8.0 0.30 - 2.00 
Stallion< 3): 60.0 - 300.0 0.05 - 0.80 
Boar< 3>: 125.0 - 500.0 0.03 - 1.00 
(ll 150 ejaculates from 14 New Hampshire males. 
( 2l 72 collections from 13 New Hampshire males. 
(These data are all based upon collections made 
48 hours following a previous ejaculation). 
<3> Data furnished by Dr. F. F. McKenzie, Animal 
Husbandry Department, University of Missouri. 
Total No. of Volume of undiluted 
spermatozoa per semen recommended 
ejaculate pH for insemination 
!millions) <cc.) 
o.oo - 5,256 6.50 - 8.50 0.05 - 0.2 
868 7.50 
12 - 8,328*** 6.65 - 7. 78 0.05 - 0.2 
3,253 7.27 
6.2 - 6.5 0.1 - 0.2 
6.5 - 7.5 0.5 - 1.5 
7.0 - 7.2 10.0 - 30.0 
6.8 - 7.2 50.0 - 100.0 
*Based ""on 105 first ejaculates. 
••semen from one male collected after B days of 
sexual rest had a density of 11.16 millions per 
cu. mm. of semen. 
***In above case <**>the total number of sper-
matozoa was 15,624 millions. 
The results of the studies on the influence of the density of 
sperm suspension on fertility are not surprising when it is con-
sidered that 0.1 cc. of semen was used in all inseminations. There-
fore, in only 3 instances were females inseminated with less than 
100 million spermatozoa. The mean percentage fertility from these 
3 matings was 26 per cent. Munro (1938b) found that the number 
of fertile eggs subsequently produced was affected when the number 
of spermatozoa injected was 100 million or less. The above observa-
tions have added significance in connection with the results of the 
studies in the previous section on the influence of• the frequency 
of collection on the characteristics of semen. With hens that are 
artificially inseminated with 0.1 cc. of undiluted semen decreased 
fertility due to too few, or less than 100 million, spermatozoa being 
injected into the oviduct of the female is not likely when the 
interval between collections is one day or longer (Fig. 20). When 
the sperm suspension is diluted prior to insemination it would seem 
that the more concentrated samples of seminal fluid, obtained when 
the intervals between collection of semen were relatively long, 
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could be diluted a greater number of times and still yield satisfac-
tory fertility,- than when the intervals were shorter and the sperm 
suspension less dense. · · 
In these investigations not only were the capacities of the semen 
samples to fertilize hens' eggs considered, but also the ability 
of the sperms to remain alive in the hens' oviducts and to continue 
fertilizing the ova during a 2-weeks period. The latter factor is 
important in obtaining a large number of offspring from a given 
sire. If the eggs had been saved for a shorter period than 2 weeks 
following the inseminations, the percentages of fertility would have 
been greater in many instances. 
The studies concerning motility and the percentage of abnormal 
types of spermatozoa revealed that both characteristics were related 
to the fertilizing capacity of seminal fluids . . Males producing semen 
that normally contains 10 to 15 per cent or less of abnormal forms 
and that scores 4 or 5 motility are most likely to fertilize a large 
percentage of the eggs produced by their mates. Several collec-
tions should be examined from a given male before trying to estimate 
his breeding value. Cocks and cockerels that produce from 15 to 
20 per cent abnormal sperms would probably give only a fair level 
of fertility, and those whose semen contains in excess of 20 per cent 
of abnormals would likely prove undesirable as breeders. 
SUMMARY AND CONCLUSIONS 
1. The anatomy of the reproductive system of the male fowl has 
been described. 
2. The number of matings attempted by the cock per 15-minute 
trial period varied from 0 to 5, with an average of 1.37. Males 
maintained in breeding pens were more active sexually than 
males confined in batteries, and produced 40 per cent more 
sperms per trial period than did the latter. 
3. No semen was recovered from 14 per cent of the apparently 
normal attempts at mating. There was a ma.rked individual 
variation in this respect. 
4. In appearance, semen from the domestic fowl varied from a 
clear watery fluid with a low sperm count to a dense opaque 
white suspension which had a high concentration of spermatozoa. 
5. In ejaculates which were intercepted with a glass semen col-
lector the volume ranged from 0.05 to 1.00 cc., the number of 
spermatozoa per cu. mm. of semen from 0 to slight ly over 10 
millions, the total number of sperms per ejaculate from 0 to 
5.25 billions, and the hydrogen-ion concentration from pH 6.50 
to pH 8.50., 
6. In cases where 3 or 4 ejaculates were obtained from one male 
in: a given trial, there was a tendency for the total numbers 
of sperms in successive ejaculates to decrease. 
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7. When semen was collected from male fowls by the abdominal 
massage technique, the volume per collection ranged from 0.27 
to 1.50 cc., the concentration from 0.03 to 11.16 millions of 
sperms per cu. mm., the total number of cells from 12 millions 
to 15.62 billions, and the hydrogen-ion concentration from pH 
6.65 to pH 7.78. All specimens were motile, scoring 2 or above. 
The percentage of abnormal spermatozoa ranged from 3.5 to 39. 
8. Concentration of the sperm suspension, total numbers of sperms 
per collection, and to a lesser extent, the volume increased with 
the lengthening of the intervals between collections. 
9. Spermatozoa production appeared to be associated with season 
of the year. The peak of sperm production as measured in these 
investigations was reached during April and May. The smallest 
. number produced was in September and was associated with a 
low level of sexual activity. 
10. Differences in sexual activity, spermatozoa production, and 
semen characteristics between individual males were marked. 
11. Following insemination of hens no fertile egg was laid on the 
next day, the highest percentage of fertile eggs was reached on 
the third day, and the last fertile egg was recorded on the 
twenty-fifth day. 
12. Unmixed semen gave as good results in fertility tests as mixed 
semen from the collections from several males prior to insem-
ination. 
13. The time the sperms remained in the oviduct prior to fertiliza-
tion apparently had no influence on the hatchability of the 
eggs they fertilized. 
14. When the total number of spermatozoa per insemination ex-
ceeded 100 million, the sperm concentration of the inseminating 
fluid appeared to have little influence on fertility. 
15. The motility of spermatozoa in cock semen was correlated with 
fertility. 
16. The percentage of abnormal spermatozoa of semen was nega-
tively correlated with fertility. 
17. Although the differences in percentages of fertility resulting 
from insemination with the specimens in the several pH ranges 
were not great, those within the range pH 7.15 to pH 7.64 
resulted in slightly higher percentages of fertility. 
18. In experiments with mixed -semen from New H'l.mpshire, Barred 
Rock and White Leghorn males injected into New Hampshire 
females, it was observed that about equal numbers of chicks 
were sired by the Barred Rock and New Hampshire males, but 
conspicuously fewer chicks were sired by the White Leghorn 
males. 
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